S
leep disorders are common, and most cases remain undiagnosed. Excessive daytime sleepiness (EDS) is an important symptom of many sleep disorders. It can lead to decreased productivity, 1 work absenteeism, 2 and an increase in motor vehicle accidents. 3 Therefore, it is both a risk to the individual and a public health concern. Quantifying EDS is helpful in screening for sleep disorders. It is also useful in measuring changes in sleepiness over time, particularly after an intervention intended to reduce sleepiness. A tool that is simple to administer and reflects objective sleepiness would be most useful.
The multiple sleep latency test (MSLT) is an objective measure of sleepiness. Electrodes are attached to the scalp to record electroencephalography (EEG), to the skin lateral to the eyes to record eye movements, and under the chin to record electromyography (EMG). These electrodes are used to determine sleep stages during 4 or 5 daytime nap opportunities at 2-h intervals. The mean latency to sleep onset (mean sleep latency [MSL] ) is then calculated. According to the International Classification of Sleep Disorders (ICSD-2), an MSL of 0-5 min is indicative of severe sleepiness, while an MSL over 10 min is indicative of normal alertness. 16 While these values are widely accepted by sleep clinicians, no absolute MSL value defines sleepiness. 4, 5 The mean MSL in normative populations is 10 min with a 2 SD range of 2-19 min. 5 This causes a wide overlap of MSL values and makes the distinction between sleepy and normal groups difficult. 4, 5 False negatives can occur, as behavioral and environmental factors can prolong the sleep latency. False positives are generally thought not to occur, as a sleep propensity (regardless of reason) must be present to induce sleep.
Although the MSLT may have false negative results, it is currently the "gold standard" objective measure of sleepiness. [4] [5] [6] It is, however, time consuming and expensive. Therefore, it is neither a good screening tool nor a practical way to follow changes in sleepiness over time.
Subjective verbal reports of EDS are easier and less costly to obtain but difficult to quantify. The Epworth Sleepiness Scale (ESS) is used frequently by sleep specialists. It consists of a questionnaire on a Likert scale of 0-3 that asks a person how likely he or she is to doze in 8 specific daily situations, such as sitting and reading. 7 Although some studies have shown the ESS does not correlate well with the MSLT, 8, 9 it is considered a valid, reliable measure of subjective sleepiness and serves as a good screening tool. In addition to its divergence from the MSLT, the ESS has other inherent limitations. For example, an individual may feel very sleepy, but may also feel that he/she is able to fight off sleep with effort. He/she would therefore score very low on the ESS, which would give the impression that the person is not sleepy. Consequently, the ESS may not be a meaningful measure of EDS in some cases. The ESS is easy to administer, however, non-sleep specialized clinicians do not commonly use it. This may be due to both a lack of awareness and an unwillingness to add 8 questions to an already lengthy medical inquiry. A simpler, more direct question about sleepiness may be useful as a screening tool for non-sleep specialists.
While many studies have examined the relationship between the ESS and the MSLT, [8] [9] [10] [11] 13, 15 these authors could find only 2 studies also examining a single question about sleepiness. 8, 10 In the first study, 141 subjects were asked, "How often do you have a major problem with sleepiness during the daytime?" 8 In the second study, 60 subjects were asked, "How great a problem do you have with sleepiness in the daytime?"
10 Each question used a 5-point scale. Although both studies found significant correlations between the ESS and the single subjective question, neither study suggested the application of the single question in non-sleep specialized practices.
The current investigation set out to determine whether a single question about sleepiness could measure sleepiness as well as the ESS and serve as an adequate screening tool in non-sleep specialized practices. We hypothesized that the following single question could measure subjective sleepiness comparably to the ESS: "Please measure your sleepiness on a typical day: (0 = none, 10 is highest)." This question has long been used in our clinical practice; the wording was chosen as a general inquiry about subjective sleepiness.
MetHoDS

Subjects
A cross-sectional retrospective chart review was conducted using adult subjects (≥ 18 years old at the time of testing) identified from the database of patients who have undergone sleep testing at the Illinois Neurological Institute Sleep Center (SC) at OSF Saint Francis Medical Center in Peoria, Illinois, from April, 2001 to June, 2004. Those who had an MSLT and a clinical evaluation were included as subjects. Subjects were required to have completed the MSLT, ESS, and patient questionnaire (which included the 10-point self-rating of sleepiness) within a 2-month time period. The MSL was determined by calculating the mean latency to sleep onset (MSL) of 4 or 5 naps.
Each patient who undergoes sleep testing in the SC is asked to complete a sleep questionnaire, which includes the statement "Please measure your sleepiness on a typical day: (0 = none, 10 is highest)." This yields a subjective sleepiness (SS) score. Each patient who is seen for a clinical evaluation in the SC (on a day separate from the testing date) is asked to complete the ESS. The office visit notes of each subject were reviewed to determine whether the ESS was completed. Only those subjects completing all three assessments (the MSLT, ESS, and SS) were included as subjects.
Statistical Analysis
Data were analyzed using GraphPad Prism software. ROC (receiver-operator characteristic) curves and contingency tables using Fisher's exact test were made, and sensitivity, specificity, and positive and negative predictive values were calculated. Data were considered significant when p-values were less than 0.05. In Table 1 , subjects with an ESS score ≥ 11 were placed into the "subjectively sleepy" group while those subjects with an ESS score < 11 were considered "subjectively not sleepy." Fisher's exact test was performed, and sensitivity, specificity, and predictive values were calculated. All SS scores had a significant association with an ESS score of ≥ 11. Negative predictive values (probability of having an ESS score < 11) were high at SS scores 1 and 2 because no subjects with an SS score ≤ 2 had an abnormal ESS. At SS scores < 3, 82% of subjects had a normal ESS (ESS score < 11). SS scores ≥ 8 yielded positive predictive values greater than 80%, indicating more than 80% of subjects scored ≥ 11 on the ESS. No SS score cut-point resulted in both high sensitivity and specificity. The optimal SS score was 7 with a sensitivity of 0.67 and a specificity of 0.57.
ReSULtS
Of
An ROC curve was made to measure the accuracy of the SS in distinguishing between "subjectively sleepy" (ESS ≥ 11) and "subjectively not sleepy" (ESS < 11) groups ( Figure 1 ). The area represents the percentage of subjects in the "subjectively sleepy" group with a higher SS score than subjects in the "subjectively not sleepy" group. An area of 1.0 would indicate that 100% of subjects with an ESS score ≥ 11 would have a higher SS score than subjects with an ESS score < 11. An area of 0.5 would indicate a test no better than chance at distinguishing between "sleepy" and "not sleepy" subjects. The area of 0.71 signifies that 71% of "subjectively sleepy" subjects had a higher SS score than "subjectively not sleepy" subjects. This area was significantly different (p < 0.0001) from the null hypothesis (area = 0.5). In Table 2 , subjects were placed into "objectively sleepy" (MSL ≤ 10) and "objectively not sleepy" (MSL > 10) groups based on their MSL values. None of the SS scores had a significant association with the MSL. Negative predictive values were low at all SS scores, with the highest being 50% at SS scores less than 2. Positive predictive values were high at all SS scores, with no value less than 72%. SS scores ≥ 8 yielded positive predictive values of 0.76, signifying 76% of subjects who scored ≥ 8 on the SS had an abnormal MSLT. No SS score resulted in both high sensitivity and specificity.
The ROC curve in Figure 2 was made to determine the accuracy of the SS in distinguishing between "objectively sleepy" (MSL ≤ 10) and "objectively not sleepy" (MSL > 10) groups with respect to the MSLT. The obtained area of 0.51 shows that 51% of subjects with an MSL ≤ 10 had higher SS scores than those subjects with an MSL > 10. This area was not significantly different (p = 0.8751) from the null hypothesis.
In Table 3 , the ESS and MSL were compared. Subjects were placed into "objectively sleepy" (MSL ≤ 10) and "objectively not sleepy" (MSL > 10) groups based on MSL values. Significance was seen at ESS scores 11, 12, 16, and 18 . No ESS score resulted in both high sensitivity and specificity. The optimal ESS score was 12, with a sensitivity of 0.64 and a specificity of 0.51.
Positive predictive values at this score were 0.80, indicating 80% of subjects with an ESS score ≥ 12 had an abnormal MSLT.
The ability of the ESS to distinguish between "objectively sleepy" (MSL ≤ 10) and "objectively not sleepy" (MSL > 10) groups was determined (Figure 3 ). An area of 0.61 indicates that 61% of subjects with an MSL ≤ 10 had a higher ESS score than those subjects with an MSL > 10. This area is significant (p = 0.006) from the null hypothesis.
ROC curves for sleep apneics, non-sleep apneics, and narcoleptics were analyzed separately (Table 4) . ROC analysis for sleep apneics when groups were defined by the ESS yielded an area of 0.67, which was significantly different from the null hypothesis (p = 0.002). When an MSL ≤ 10 min defined "objectively sleepy" and an MSL > 10 min defined "not objectively sleepy," the ROC curve for sleep apneics yielded an area of 0.61 and was significantly different from the null hypothesis (p = 0.0423). An ROC analysis of the ability of the ESS to distinguish between "objectively sleepy" and "not objectively sleepy" in sleep apneics generated an area of 0.51 and was not significant from chance (p = 0.8892). When an MSL ≤ 5 min was used to define "objectively sleepy" and an MSL > 5 min was used to define "not objectively sleepy," an ROC analysis of the SS yielded an area of 0.52 and was not significant from chance (p = 0.7043). ROC analysis of the ESS when groups were defined in the same manner yielded an area of 0.51, which was also not significant from chance (p = 0.8112).
ROC analysis for non-sleep apneics when groups were defined by the ESS yielded an area of 0.74 and was significantly different from the null hypothesis (p < 0.0001). SS scores of non-sleep apneics were compared to the MSL at both 10-min and 5-min cut-points. When an MSL ≤ 10 defined "objectively sleepy", the area of the ROC curve for non-sleep apneics was 0.64, which was significantly different from the null hypothesis (p = 0.009). When the ESS was compared to the MSL (MSL ≤ 10 used for "objectively sleepy") for non-sleep apneics, the area of the ROC curve was 0.74 and was significant from chance (p < 0.0001). ROC curves for non-sleep apneics when groups were defined by an MSL ≤ 5 had an area of 0.57, which was not significant from the null hypothesis (p = 0.1289). An ROC analysis of the ability of the ESS to distinguish between "objectively sleepy" (MSL ≤ 5) and "not objectively sleepy" (MSL > 5) yielded an area of 0.62 and was significantly different from the null hypothesis (p = 0.007).
The ROC curve for narcoleptics when groups were defined by the ESS yielded an area of 0.86, which was significantly 
DiScUSSion
This study presents an important new measure of sleepiness that may change the detection of sleep disorders in nonsleep specialized medical practice. Although the ESS is a valid screening tool for sleepiness that is easy to administer, nonsleep specialists do not commonly use it. The finding that the single question used in this study had significant associations with the ESS in all subject groups and was able to distinguish between "subjectively sleepy" (ESS ≥ 11) and "subjectively not sleepy" (ESS < 11) groups suggests the SS is a good measure of subjective sleepiness. Its simplicity means non-sleep specialists may be more likely to use it and therefore recognize sleep disorders in more patients.
The relationship between the ESS and MSL in this study is comparable to findings in previous studies for subjects of similar ages and diagnoses. 8, 10 These investigators found significant associations between the ESS and MSL at only 4 ESS score cut-points (11, 12, 16 , and 18), with no cut-point resulting in both high sensitivity and specificity. The results of our ROC analysis, however, did indicate the ESS had some ability to distinguish subjects with an MSL ≤ 10 from those with an MSL > 10 min. Chervin et al. found no significant association between the ESS and MSL when an MSL of 10 min was used as the cut-point. 10 When an MSL of 8 min was used as the cut-point, significant relationships between the ESS and MSL were found at ESS scores 14-21, and the optimal range was determined to be ESS scores 16-18. Benbadis et al. found no ESS score resulting in both high sensitivity and specificity when an MSL of 10 min was used as the cut-point. 9 In addition, their ROC analysis yielded an area of 0.61, identical to our area, but their result was not significantly different from chance. The average MSL found in the present study (7.4 min) is similar to that found by Olson et al. 11 ESS scores greater than 10 are commonly thought to indicate sleepiness, while the average ESS score in normal subjects is approximately 6.
7 The average ESS score of 12.7 in the present study is as expected, considering most subjects (90%) had at least one sleep disorder.
Sangal et al. found a significant, but low correlation between the ESS and MSL in 522 narcoleptics. 15 Despite a significant different from chance (p = 0.0052). SS scores of narcoleptics were analyzed separately at both MSL cut-points of 10 min and 5 min. Analysis at an MSL ≤ 10 min was inconclusive, since only 2 subjects had an MSL > 10 min. The ROC curve of the SS when groups were defined by MSL ≤ 5 yielded an area of 0.51 and was not significant from chance (p = 0.9606). ROC analysis of the ESS when groups were defined in the same manner generated an area of 0.64, which was also not significant from chance (p = 0.2267). Analysis of each diagnostic group with Fisher's exact test showed no SS score resulting in both high sensitivity and specificity. When subjects with sleep apnea were analyzed separately, the ESS and SS were significantly associated at all SS score cutpoints except 1 (p = 0.1179), 2 (p = 0.1179), 8 (p = 0.0558), and 9 (p = 0.2277). The highest positive predictive values were seen at an SS score of 10, with 100% of subjects (n = 9) having an ESS ≥ 11. The highest negative predictive values were at SS scores 1 and 2, with 100% of subjects (n = 131) having an ESS < 11. When an MSL cut-point of 10 min was used to define "objectively sleepy" and "not objectively sleepy," only SS scores ≥ 9 had a significant relationship with the MSL (p = 0.0380).
SS scores of non-sleep apneics were significantly associated with the ESS at all cut-points except SS ≥ 1 (p = 0.3688). Negative predictive values were high (100%) at SS scores 1 and 2 because no subjects (n = 131) with an SS score ≤ 2 had an abnormal ESS. The highest positive predictive values were at an SS score of 10, with 91% of subjects (n = 11) having an ESS ≥ 11. When an MSL ≤ 10 defined "objectively sleepy", significance was seen at SS scores 2 (p = 0.0235), 5 (p = 0.0028), 6 (p = 0.0398), and 8 (p = 0.0063). When an MSL ≤ 5 defined "objectively sleepy," significant associations occurred at SS scores 2 (p = 0.0356), 5 (p = 0.0467), and 10 (p = 0.0110). At an SS score of 10, 82% of subjects (n = 11) had an MSL ≤ 5 min.
When subjects with narcolepsy were analyzed separately, ESS and SS scores were significantly associated only at SS scores 6 (p = 0.0120), 7 (p = 0.0047), and 8 (p = 0.0237). Only SS scores within the range 4-10 were considered since only one subject had an SS score less than 4. No subjects with an ESS ≥ 11 scored lower than 6 on the SS. When an MSL ≤ 5 defined "objectively sleepy," no SS scores were significantly associated with the MSL. Although the relationship between the ESS and SS was significant in most cases, the relationship between the MSLT and the SS was not. Non-sleep apneics showed a significant association between the SS and MSL at SS scores 2, 5, and 10 when an MSL ≤ 5 min was used as a cut-point and at SS scores 2, 5, 6, and 8 when an MSL ≤ 10 min was used as a cut-point. This finding again indicates that non-sleep apneics may be more accurate in their self-assessments of sleepiness. Sleep apneics showed a significant association between the SS and MSL only at SS score of ≥ 9. The ROC analysis for the SS when groups were defined by the MSL was only significantly different from chance in sleep apneics and non-sleep apneics analyzed separately when "objectively sleepy" was defined by an MSL ≤ 10 min. In both cases this significance was weak, which suggests that while the SS can distinguish between subjective sleepiness as measured by the ESS, it has limited ability to distinguish between objective sleepiness. The ESS, however, distinguished between "objectively sleepy" and "not objectively sleepy" in non-sleep apneics at both MSL cut-points of 5 and 10 min.
Neither the SS nor the ESS substitutes for the MSLT, which measures objective sleepiness and is not an appropriate screening tool. SS scores of ≤ 2 and ≥ 9 reliably reflect normal and abnormal ESS scores respectively. As SS scores 3-8 are not clearly predictive of a normal or abnormal ESS, these authors recommend following the SS in those cases with the ESS or other further evaluations for sleepiness. This would allow the introduction of a useful and simplified single question into non-sleep specialized practices, which may help identify more patients with disorders of sleepiness and trigger further evaluation when indicated.
Limitations of the Study
Our sample of subjects was drawn from a sleep center database and thus were probably sleepier than normal subjects. No data existed on a group with no sleep complaints. Assigning patients into "objectively sleepy" and "objectively not sleepy" groups based on MSL values may be confounded since the MSLT is known correlation, Sangal believes, and these authors agree, that physicians should not rely on one specific measure alone. Subjective measures are both helpful as screening tools to detect previously undiagnosed sleep disorders and as tools to track sleepiness within individual patients over time. For example, a primary care physician might become aware of a patient's likely sleep apnea only after seeing an abnormal ESS. A sleep specialist might then use the ESS over time to help determine effectiveness of treatment. A different group of patients would benefit from the MSLT.
Chervin et al. compared the following subjective question to the ESS and MSLT: "How great a problem do you have with sleepiness in the daytime?"
10 Despite the differences between this question and the single question used in the present investigation, both inquire about general sleepiness. Chervin's results showed a significant correlation between the single subjective question and the ESS; we found similar results using our single question. In addition, the MSL did not correlate with the single question used in Chervin's study. Because of distinct variables between subjective and objective measurements, the ESS and MSLT may actually evaluate separate components of sleepiness.
14 For example, the ESS measures perception of sleep tendency at any time, while the MSLT measures physiologic sleep tendency at a specific time in one standardized setting. This may account at least in part for the lack of correlation between subjective measures of sleepiness and the MSLT. This does not necessarily diminish the importance of these subjective measures; rather, it suggests that they assess different facets of sleepiness, as proposed by Johns.
12 Thus, the ESS and SS may be as important in patient evaluations of sleepiness as the MSLT, despite their inconsistent correlations with it in different patient groups.
Although previous analyses of the ESS demonstrated its validity, reliability, and internal consistency with the MSLT, 7, 12 the present study sought to determine whether a single question could measure subjective sleepiness comparably to the ESS. The relationship between this single question and objective sleepiness as measured by the MSLT was also evaluated. The ESS and SS scores had significant associations in all subjects and when subjects were separated by sleep apnea and narcolepsy diagnoses. The strongest relationship was observed when all subjects were analyzed together. In addition, ROC analysis showed the SS was able to distinguish between 71% of "subjectively sleepy" and "subjectively not sleepy" subjects. This number was higher when non-sleep apneics (74%) and narcoleptics (86%) were analyzed separately, perhaps suggesting these 
